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(54) A method of making a fibre reinforced metal component 


(57) A ceramic fibre reinforced metal rotor (10) is 
manufactured from a first metal ring (30), a second 
metal ring (32) and a plurality of fibre preforms (20). 
Each fibre preform (20) comprises a metal coated (18) 
ceramic fibre (14) arranged in a spiral. An annular 
groove (32) is formed in an axial face (34) of the first 
metal ring (30) and the fibre preforms (20) are arranged 
in the annular groove (32). An annular projection (38) is 
formed on an axial face (40) of the second metal ring 
(36) and two annular grooves (42,44) are formed on 


opposite radial sides of the annular projection (38). The 
second metal ring (36) is arranged such that the annular 
projection (38) is aligned with the annular groove (32) of 
the first metal ring (30). Heat and pressure is applied to 
axially consolidate the fibre preforms (20) and to bond 
the first metal ring (30), the second metal ring (36) and 
the fibre preforms (20) to form a unitary composite com- 
ponent. The grooves (42,44) allow axial movement of 
the projection (38) and control consolidation. 


Fig.4. 
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Description 

The present invention relates to a method of manu- 
facturing fibre reinforced metal cylinders, for example 
metal rings and metal discs. s 

The ideal arrangement for a fibre reinforced metal 
ring, or disc, is to arrange the fibres circumferential ly 
such that they extend continuously without breaks in a 
fully dense metal matrix. This is difficult to achieve 
because a certain amount of movement is required in 10 
practice to achieve good diffusion bonding, and density, 
between the layers of fibres. The fibres used to reinforce 
the metal matrix are ceramic, and ceramic fibres have 
very low extension to failure values, typically 1%. On 
consolidation using radial pressure from the inside sur- 15 
lace of the ring the continuous ceramic fibres are placed 
under high tensile stress resulting in fibre breakage and 
loss of structural integrity. On consolidation using radial 
pressure from the outer surface of the ring the continu- 
ous ceramic fibres are buckled which reduces structural 20 
integrity. On consolidation using radial pressure from 
both the inside and outside surfaces of the ring the con- 
tinuous ceramic fibres either break under high tensile 
stress for the radially inner layers of ceramic ffores or 
buckle for the radially outer layers of ceramic fibres. This 25 
resulting fibre reinforced metal ring therefore contains 
many random fibre breaks and thus the fibre reinforced 
metal ring has unknown levels of mechanical proper- 
ties. 

In one known method of manufacturing a fibre rein- 30 
forced metal ring, as disclosed in UK patent application 
No. GB21 68032A, a filament is wound spirally in a plane 
with a matrix metal spiral between the turns of the f fore 
spiral. The fibre spiral and matrix metal spiral are posi- 
tioned between discs of matrix metal, and is then 35 
pressed axially to consolidate the ring structure. This 
produces little or no breaking of the fibres. 

In a further known method of manufacturing a fibre 
reinforced metal ring, as disclosed in UK patent applica- 
tion No. GB2070833A, a metal matrix tape, which has 40 
reinforcing fibres, is wound onto a mandrel and then 
inserted into a metal shaft. The fibres are arranged to 
extend generally axially of the shaft. The assembly is 
pressed to consolidate the ring structure. This method 
does not have the ideal arrangement of fibres for a ring. 45 

Another known method of manufacturing a fibre 
reinforce metal ring, as disclosed in UK patent applica- 
tion No. GB2198675A, a continuous helical tape of 
fibres and a continuous helical tape of metal foil are 
interleaved. The interleaved helical tapes of fibres and so 
metal foil are placed in an annular groove in a metal 
member and a metal ring is placed on top of the inter- 
leaved helical tapes of fibres and metal foil. The metal 
ring is pressed axially to consolidate the assembly and 
to diffusion bond the metal ring, the metal member and ss 
the interleaved helical tapes of fibres and metal foil 
together to form an integral assembly. This method pro- 
duces little or no breaking of the fibres. This method 
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requires the use of a vacuum chamber and a hot press 
and die. 

The present invention seeks to provide a novel 
method of manufacturing fibre reinforced metal compo- 
nents. 

The present invention provides a method of manu- 
facturing a fibre reinforced metal component comprising 
the steps of:- 

(a) forming a longitudinally extending groove in a 
face of a first metallic member, 

(b) arranging at least one longitudinally extending 
fibre and filler metal in the groove in the first metallic 
member, 

(c) forming a longitudinally extending projection on 
_ a face of a second metallic member, 

(d) arranging the second metallic member such that 
the longitudinally extending projection of the sec- 
ond metallic member is aligned with the longitudi- 
nally extending groove of the first metallic member 
and such that two longitudinally extending cham- 
bers are formed between the said faces of the first 
and second metallic members, the longitudinally 
extending chambers being arranged transversely 
on opposite sides of the longitudinally extending 
projection, 

(e) applying heat and pressure such that the longi- 
tudinally extending projection moves into the longi- 
tudinally extending groove to consolidate the at 
least one longitudinally extending fibre and the filler 
metal and to bond the first metallic member, the 
second metallic member, the at least one longitudi- 
nally extending fibre and the filler metal to form a 
unitary composite component. 

The method may comprise forming a circumferen- 
tially extending groove in an axial face of the first metal- 
lic member, arranging at least one circumferentially 
extending fibre and filler metal in the groove in the first 
metallic member, forming a circumferentially extending 
projection on an axial face of the second metallic mem- 
ber, arranging the second metallic member such that 
the circumferentially extending projection of the second 
metallic member is aligned with the circumferentially 
extending groove of the first metallic member and such 
that two circumferentially extending chambers are 
formed between the said faces of the first and second 
metallic members, the circumferentially extending 
chambers being arranged radially on opposite sides of 
the circumferentially extending projection, applying heat 
and pressure such that the circumferentially extending 
projection moves into the circumferentially extending 
groove to axially consolidate the at least one circumfer- 
entially extending fibre and the filler metal and to bond 
the first metallic member, the second metallic member, 
the at least one circumferentially extending fibre and the 
filler metal to form a unitary composite component. 

Preferably the method comprises the step of seal- 
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ing the periphery of the first metallic member to the 
periphery of the second metallic member after step (d) 
and before step (e). 

Preferably step (e) comprises hot isostatic press- 
ing. 5 

The first metallic member may comprise a ring or a 
disc and the second metallic member may comprise a 
ring or a disc. 

The at least one circumferentially extending fibre 
and filler metal may comprise a single metal coated 10 
fibre, a plurality of metal coated fibres, a single fibre and 
a single metal wire, a plurality of fibres and a plurality of 
metal wires, a single fibre and metal powder, a plurality 
of fibres and metal powder, a single fibre and a metal 
foil, or a plurality of fibres and a plurality of metal foils is 

The at least one circumferentially extending fibre 
and filler metal may comprise a helical tape of fibres and 
a helical tape of metal or one or more metal coated 
fibres, each metal coated fibre is wound in a spiral to 
form a disc shaped preform. 20 

The first metallic member and the second metallic 
member may comprise titanium, titanium aluminide, an 
alloy of titanium, or any suitable metal, alloy or interme- 
tallic which is capable of being bonded. 

The at least one circumferentially extending fibre 25 
may comprise silicon carbide, silicon nitride, boron, alu- 
mina, or other suitable fibre. 

The»f iller metal may comprise titanium, titanium alu- 
minide, an alloy of titanium, or any suitable metal, alloy 
or intermetallic which is capable of being bonded. 30 

The sealing of the periphery of the first metallic 
member to the periphery of the second metallic member 
may comprising welding. 

The method may additionally comprise the step of 
machining the unitary composite component to a prede- 35 
termined shape after step (e). 

The machining may comprise machining the uni- 
tary composite component to remove at least a portion 
of the second metallic member and at least a portion of 
the bond between the first metallic member and the sec- 40 
ond metallic member. 

The machining may comprise machining at least 
one axial or circumferential groove in the periphery of 
the unitary composite component, for receiving rotor 
blade attachment features. 45 

The machining may comprise machining the 
periphery of the unitary composite component to form 
at least one rotor blade integral with the unitary compos- 
ite component. 

The unitary composite component may be electro- so 
chemically machined to form the at least one rotor 
blade. - 

The method may additionally comprise the step of 
welding at least one rotor blade to the unitary composite 
component. 55 

The at least one rotor blade may be welded onto the 
unitary composite component by friction welding or 
electron beam welding. 


The chambers between the said faces of the first 
and second metallic members may be tapered trans- 
versely from the face of the first metallic member to the 
base of the projection. The chambers may taper in a 
straight line or taper in a curve. The shape of the cham- 
bers may be tailored to control the movement of the pro- 
jection of the second metallic member into the groove in 
the first metallic member during the consolidation and 
bonding step. 

The at least one circurnferentially extending fibre 
may have adhesive to hold the fibre in a preform. 

The projection may have axial grooves to allow the 
adhesive to be removed from the at least one circumfer- 
entially extending fibre in the circumferentially extending 
groove in the first metallic member. 

The chambers between the said faces of the first 
and second metallic members may be formed by 
machining two grooves in said face of the second metal- 
lic member. 

Alternatively the chambers between the said faces of 
the first and second metallic members may be formed 
by locating at least one third metallic member between 
the first and second metallic members and spacing the 
at least one third metallic member from the projection 
on the second metallic member. 

The present invention also provides a method of 
manufacturing a fibre reinforced metal component com- 
prising the steps of :- 

(a) forming a circurnferentially extending groove in 
an axial face of a first metallic member, 

(b) arranging at least one circumferentially extend- 
ing fibre and filler metal in the groove in the first 
metallic member, 

(c) forming a circumferentially extending projection 
on an axial face of a second metallic member, 

(d) arranging the second metallic member such that 
the circumferentially extending projection of the 
second metallic member is aligned with the circum- 
ferentially extending groove of the first metallic 
member and such that two circumferentially extend- 
ing chambers are formed between the said axial 
faces of the first and second metallic members, the 
circumferentially extending chambers being 
arranged radially on opposite sides of the circum- 
ferentially extending projection, 

(e) applying heat and pressure such that the cir- 
cumferentially extending projection moves into the 
circumferentially extending groove to axially consol- 
idate the at least one circumferentially extending 
fibre and the filler metal and to bond the first metal- 
lic member, the second metallic member, the at 
least one circumferentially extending fibre and the 
filler metal to form a unitary composite component. 

The present invention will be more fully described 
by way of example with reference to the accompanying 
drawings, in which:- 
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Figure 1 is a longitudinal cross-sectional view 
through a bladed compressor rotor made according 
to the method of the present invention. 
Figure 2 is a plan view of a fibre preform used in the 
method of the present invention. s 
Figure 3 is a cross-sectional view through the pre- 
form shown in figured. 

Figure 4 is a longitudinal cross-sectional view 
through an assembly of fibre preforms positioned 
between first and second metallic members. 10 
Figure 5 is a longitudinal cross-sectional view 
through the assembly of fibre preforms positioned 
between first and second metallic members after 
welding together. 

Figure 6 is a longitudinal cross-sectional view is 
through the assembly of fibre preforms positioned 
between first and second metallic members after 
consolidation and bonding to form a unitary com- 
posite component. 

Figure 7 is a part longitudinal cross-sectional view 20 
through the unitary composite component after 
machining. 

Figure 8 is a part longitudinal cross-sectional view 
through the unitary composite component of figure 
7 after further machining to form a peripheral cir- 25 
cumferential groove. 

Figure 9 is a part longitudinal cross-sectional view 
through the unitary composite component of figure 
7 after further machining to form peripheral axial 
grooves. 30 
Figure 10 is a part longitudinal cross-sectional view 
through the unitary composite component of figure 
7 after machining to form integral peripheral rotor 
blades. 

Figure 1 1 is a part longitudinal cross-sectional view 35 
through the unitary composite component of figure 
7 after welding of rotor blades. 


A finished ceramic fibre reinforced metal rotor 10 
with integral rotor blades is shown in figure 1 . The rotor 40 
10 comprises a metal ring 12 which includes a ring of 
circumferentially extending reinforcing ceramic fibres 
14, which are fully diffusion bonded to the metal ring 12. 
A plurality of solid metal rotor blades 16, extend radially 
outwardly from and are integral with the metal ring 12. 45 

The ceramic fibre reinforced metal rotor 10 is man- 
ufactured using a plurality of metal coated ceramic 
fibres. Each ceramic fibre 14 is coated with metal matrix 
18 by any suitable method, for example physical vapour 
deposition, sputtering etc. Each metal coated 18 so 
ceramic fibre 14 is wound around a mandrel to form an 
annular, or disc shaped, fibre preform 20 as shown in 
figures 2 and 3. Each annular, or disc shaped, fibre pre- 
form 20 thus comprises a single metal coated 18 
ceramic fibre 14 arranged in a spiral with adjacent turns ss 
of the spiral abutting each other. A glue 22 is applied to 
the annular, or disc shaped, fibre preform 20, at suitable 
positions, to hold the turns of the spiral together. The 
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glue is selected such that it may be completely removed 
from the annular, or disc shaped, fibre preform 20 prior 
to consolidation. The glue may for example be 
polymethylmethacrylate in di-chloromethane or perspex 
in di-chloromethane. . 

A first metal ring, or a metal disc, 30 is formed and 
an annular axially extending groove 32 is machined in 
one axial face 34 of the first metal ring 30, as shown in 
figure 4. The annular groove 32 has straight parallel 
sides which forms a rectangular cross-section. A sec- 
ond metal ring, or a metal disc, 36 is formed and an 
annular axially extending projection 38 is machined 
from the second metal ring 30 such that it extends from 
one axial face 40 of the second metal ring 36. The sec- 
ond metal ring 30 is also machined to form two annular 
grooves 42 and 44 in the face 40 of the second metal 
ring 36. The grooves 42 and 44 are arranged radially on 
either side of the annular projection 38 and the grooves 
42 and 44 are tapered radially from the axial face 40 to 
the base of the annular projection 38. The grooves 42 
and 44, as shown in figure 4, taper in a straight tine radi- 
ally to form a triangular cross-section, however the 
grooves 42 and 44 may taper with a smooth curve. It 
may be possible to have straight parallel sided grooves 
which form rectangular cross-sections. It is to be noted 
that the radially inner and outer dimensions, diameters, 
of the annular projection 38 are substantially the same 
as the radially inner and outer dimensions, diameters, of 
the annular groove 32. 

One or more annular fibre preforms 20 are posi- 
tioned in the annular groove 32 in the axial face 34 of 
the first metal ring 30. The radially inner and outer 
dimensions, diameters, of the annular fibre preforms 20 
are substantially the same as the radially inner and 
outer dimensions, diameters, of the annular groove 32 
to allow the annular fibre preforms 20 to be loaded into 
the annular groove 32 while substantially filling the 
annular groove 32. A sufficient number of annular fibre 
preforms 20 are stacked one upon the other in the annu- 
lar groove 32 to partially fill the annular groove 32 to a 
predetermined level. 

The second metal ring 36 is then arranged such 
that the axial face 40 confronts the axial face 34 of the 
first metal ring 30, and the axes of the first and second 
metal rings 36 are aligned such that the annular projec- 
tion 38 on the second metal ring 36 aligns with annular 
groove 32 in the first metal ring 30. The second metal 
ring 36 is then pushed towards the first metal ring 30 
such that the annular projection 38 enters the annular 
groove 32 and is further pushed until the axial face 40 of 
the second metal ring 36 abuts the axial face 34 of the 
first metal ring 30, as shown in figure 5. The grooves 42 
and 44 in the second metallic ring 36 effectively form 
chambers between the confronting faces 34 and 40 of 
the first and second metallic rings 30 and 36. 

The radially inner and outer peripheries of the axial 
face 34 of the first metallic member 30 are sealed to the 
radially inner and outer peripheries respectively of the 
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axial face 40 of the second metallic member 36 to form 
a sealed assembly. The sealing is preferably by TIG 
welding, electron beam welding, laser welding or other 
suitable welding process to form inner annular weld seal 
46 and outer annular weld seal 48. s 

The second metal ring 36 is provided with a pipe 50 
which extends through a hole in the second metal ring 
36 and which is connected to the annular groove, or 
chamber, 42, or to the annular groove, or chamber, 44. 
The annular projection 38 is provided with one or more 10 
axially extending, circumferentially arranged, slots 52. 
The pipe 50 is connected to a vacuum pump and the 
sealed assembly is then evacuated. The sealed assem- 
bly is then heated, while being continuously evacuated 
to evaporate the glue from the annular fibre preforms is 
20. The axially extending slots 52 on the projection 38 
allows the evaporated glue to flow out of the annular 
groove 32 to the annular grooves, or chambers, 42 and 
44, from where the evaporated glue flows through the 
pipe 50 out of the sealed assembly. The annular projec- 20 
tion 38 prevents movement of the metal coated 18 
ceramic fibres 14 of the annular fibre preforms 20 once 
the glue has been removed. 

After all the glue has been removed from the annu- 
lar fibre preforms 20, and the interior of the sealed 25 
assembly is evacuated, the pipe 50 is sealed. The 
sealed assembly is then heated to diffusion bonding 
temperatures and isostatic pressure is applied to the 
sealed assembly, this is known as hot isostatic pressing, 
and this results in axial consolidation of the annular fibre 30 
preforms 20 and diffusion bonding of the first metal ring 
30 to the second metal ring 36 and diffusion bonding of 
the metal on the metal coated 18 ceramic fibres 14 to 
the metal on other ceramic fibres 14, to the first metal 
ring 30 and to the second metal ring 36. During the hot 35 
isostatic pressing the pressure acts equally from all 
directions on the sealed assembly, and this causes the 
annular projection 38 to move axially into the annular 
groove 32 to consolidate the annular fibre preforms 20. 

The movement of the annular projection 38 is 40 
allowed by the provision of the annular grooves 42 and 
44 on the second metal ring 36 which form chambers 
between the confronting faces 34 and 40 of the first and 
second metal rings 30 and 36. The annular grooves 42 
and 44 prevent or reduce radial inward movement of the 45 
first metal ring 30 urrtif the annular grooves, or cham- 
bers, 42 and 44 have been closed up, at which time the 
annular fibre preforms 20 have been consolidated to 
approximately full density. The annular grooves, or 
chambers, 42 and 44 are very important because any so 
radial movement of the first metal ring 30 during consol- 
idation will cause the first metal ring 30 to press against 
the annular projection 38 causing the annular projection 
38 to become pinched. This then would lead to loss of 
control of the direction of consolidation and loss of con- 55 
trol of the cross-sectional shape of the reinforced por- 
tion of the resulting fibre reinforced metal component. 
The control of the consolidation direction enables the 
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size, shape and position of the reinforced portion to be 
controlled, which is important if the resulting fibre rein- 
forced metal component is to be machined to form a fin- 
ished component. 

The shape of the grooves, or chambers, 42 and 44 
may be tailored to control the movement of the projec- 
tion 38 of the second metal ring 36 into the groove 32 in 
the first metal ring 30 during the consolidation and 
bonding step, for example to make the annular projec- 
tion 38 move with a radially outward directional compo- 
nent. Also the other axial face of the second metal ring 
36 may be of any suitable shape, for example planar or 
tapered from its periphery to the region around the pro- 
jection 38. 

The resulting consolidated and diffusion bonded 
ceramic fibre reinforced metal component 60 is shown 
in figure 6, which shows the ceramic fibres 14 and the 
diffusion bond region 62. Additionally the provision of 
the grooves, or chambers, 42 and 44 allows the annular 
projection 38 to move during the consolidation process 
and in so doing this results in the formation of a recess 
63 in the surface of what was the second metal ring. 
The recess 63 indicates that successful consolidation 
and diffusion bonding has occurred. 

After consolidation and diffusion bonding the com- 
ponent is machined to remove at least a portion of what 
was originally the second metal ring and at least a por- 
tion of the diffusion bond region, as shown in figure 7. It 
is preferred to remove as much of the diffusion bond 
region as is practically possible, and this entails remov- 
ing the majority or substantially the whole of the second 
metallic ring. 

If the first metal ring 30 had a relatively small outer 
diameter, as shown in figures 8 and 9, the periphery of 
the machined consolidated and diffusion bonded com- 
ponent is further machined to form either a single cir- 
cumferentially extending groove 64 as shown in figure 8 
to receive the shaped roots of rotor blades, or is further 
machined to form a plurality of axially extending grooves 
66 as shown in figure 9 to receive the shaped roots of 
rotor blades. Alternatively rotor blades 68 may be 
welded onto the periphery 70 of the machined consoli- 
dated and diffusion bonded component as shown in fig- 
ure 10 by friction welding, laser welding or electron 
beam welding. 

Alternatively if the first metal ring 30 had a relatively 
large outer diameter, as shown in figures 1 1 the periph- 
ery of the machined consolidated and diffusion bonded 
component is further machined to form integral rotor 
blades 72 for example by electrochemical machining. 

Although the description has referred to a plurality 
of metal coated ceramic fibres, each one of which is 
wound into a planar spiral, it may also be possible to use 
any arrangement of at least one circumferentially 
extending fibre and filler metal. For example other pos- 
sibilities are a single metal coated ffore. a plurality of 
metal coated fibres, a single fibre and a single metal 
wire, a plurality of fibres and a plurality of metal wires, a 
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single fibre and metal powder, a plurality of fibres and 
metal powder, a single fibre and a metal foil, or a plural- 
ity of fibres and a plurality of metal foils. The at least one 
circumferentially extending fibre and filler metal may 
comprise a helical tape of fibres and a helical tape of 5 
metal or one or more metal coated fibres wound in the 
annular groove in the first metal ring. Also one or more 
metal foils and one or more metal coated fibres may be 
used. 

The first metal ring and the second metal ring may 10 
comprise titanium, titanium aluminide, an alloy of tita- 
nium, or any suitable metal, alloy or intermetallic which 
is capable of being bonded. 

The at least one circumferentially extending fibre 
may comprise silicon carbide, silicon nitride, boron, alu- 15 
mina, or other suitable fibre. 

The metal coating, metal powder, metal wire and 
metal foil may comprise titanium, titanium aluminide, an 
alloy of titanium, or any suitable metal, alloy or interme- 
tallic which is capable of being bonded. 20 

Although the invention has been described with ref- 
erence to metal rings or metal discs it is equally applica- 
ble to other metal structures. 

Although the invention has been described by use 
of hot isostatic pressing it is possible to use vacuum hot 25 
pressing. 

The advantage of the invention is that it uses a sin- 
gle thermal cycle to consolidate the fibre preforms and 
to bond the fibre preform, the first and second metal 
rings together. Additionally it does not require the use of 30 
a vacuum hot press, nor does it require the use of spe- 
cial tools to hold the two metal rings during consolida- 
tion and bonding. 

It is also possible to define the chambers between 
the confronting faces of the first and second metallic 35 
members on either side of the longitudinally extending 
projection on the second metallic member by providing 
one or more third metallic members between the con- 
fronting faces of the first and second metallic members 
such that the third metallic members are spaced from 40 
the projection, preferably the third metallic member(s) 
are at adjacent the periphery of the first and second 
metallic members. 

Claims *s 

1 . A method of manufacturing a fibre reinforced metal 
component (10) comprising the steps of:- 

(a) forming a longitudinally extending groove so 
(32) in a face (34) of a first metallic member 
(30), 

(b) arranging at least one longitudinally extend- 
ing fibre (14) and filler metal (18) in the groove 
(32) in the first metallic member (30), ss 

(c) forming a longitudinally extending projection 
(38) on a face (40) of a second metallic mem- 
ber (36), 


(d) arranging the second metallic member (36) 
such that the longitudinally extending projec- 
tion (38) of the second metallic member (36) is 
aligned with the longitudinally extending groove 
(32) of the first metallic member (30) 

(e) applying heat and pressure such that the 
longitudinally extending projection (38) moves 
into the longitudinally extending groove (32) to 
consolidate the at least one longitudinally 
extending fibre (1 4) and the filler metal (18) and 
to bond the first metallic member (30), the sec- 
ond metallic member (36). the at least one lon- 
gitudinally extending fibre (14) and the filler 
metal (18) to form a unitary composite compo- 
nent (10), characterised in that in step (d) two 
longitudinally extending chambers (42,44) are 
formed between the said faces (34,40) of the 
first and second metallic members (30,36). the 
longitudinally extending chambers (42,44) 
being arranged transversely on opposite sides 
of the longitudinally extending projection (38). 

2. A method as claimed in claim 1 comprising forming 
a circumferentially extending groove (32) in an axial 
face (34) of the first metallic member (30). arrang- 
ing at least one circumferentially extending fibre 
(14) and filler metal (18) in the groove (32) in the 
first metallic member (30), forming a circumferen- 
tially extending projection (38) on an axial face (40) 
of the second metallic member (36), arranging the 
second metallic member (36) such that the circum- 
ferentially extending projection (38) of the second 
metallic member (36) is aligned with the circumfer- 
entially extending groove (32) of the first metallic 
member (30) and such that two circumferentially 
extending chambers (42,44) are formed between 
the said faces (34,40) of the first and second metal- 
lic members (30,36). the circumferentially extend- 
ing chambers (42,44) being arranged radially on 
opposite sides of the circumfererrtiaily extending 
projection (38), applying heat and pressure such 
that the circumferentially extending projection (38) 
moves into the circumferentially extending groove 
(32) to axially consolidate the at least one circum- 
ferentially extending fibre (14) and the filler metal 
(18) and to bond the first metallic member (30). the 
second metallic member (36), the at least one cir- 
cumferentially extending fibre (14) and the filler 
metal (18) to form a unitary composite component 
(10). 

3. A method as claimed in claim 1 or claim 2 compris- 
ing the step of sealing (46,48) the periphery of the 
first metallic member (30) to the periphery of the 
second metallic member (36) after step (d) and 
before step (e). 

4. A method as claimed in claim 1, claim 2 or claim 3 
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wherein step (e) comprises hot isostatic pressing. 

5. A method as claimed in any of claims 1 to 4 wherein 
the first metallic member (30) comprises a ring or a 
disc and the second metallic member (36) com- s 
prises a ring or a disc. 

6. A method as claimed in any of claims 1 to 5 wherein 
the at least one longitudinally extending fibre (14) 
and filler metal (18) comprises a single metal 10 
coated fibre, a plurality of metal coated fibres, a sin- 
gle fibre and a single metal wire, a plurality of fibres 
and a plurality of metal wires, a single fibre and 
metal powder, a plurality of fibres and metal pow- 
der, a single fibre and a metal foil, or a plurality of 15 
fibres and a plurality of metal foils. 

7. A method as claimed in any of claims 1 to 6 wherein 
the at least one longitudinally extending fibre (14) 
and filler metal (1 8) comprise a helical tape of fibres 20 
and a helical tape of metal or one or more metal 
coated fibres, each metal coated fibre is wound in a 
spiral to form a disc shaped preform (20). 

8. A method as claimed in any of claims 1 to 7 wherein 25 
the first metallic member (30) and the second 
metallic member (36) comprises titanium, titanium 
aluminide, an alloy of titanium, or any suitable 
metal, alloy or intermetallic which is capable of 
being bonded- 30 

9. A method as claimed in any of claims 1 to 8 wherein 
the at least one longitudinally extending fibre (14) 
comprises silicon carbide, silicon nitride, boron, alu- 
mina, or other suitable fibre. 35 

10. A method as claimed in any of claims 1 to 9 wherein 
the filler metal (18) comprises titanium, titanium 
aluminide, an alloy of titanium, or any suitable 
metal, alloy or intermetallic which is capable of 40 
being bonded. 

1 1 . A method as claimed in claim 3 wherein the sealing 
(46,48) of the periphery of the first metallic member 
(30) to the periphery of the second metallic member 45 
(36) comprises welding. 

12. A method as claimed in any of claims 1 to 11 
wherein the method additionally comprises the step 

of machining the unitary composite component to a so 
predetermined shape after step (e). 

13. A method as claimed in claim 12 wherein the 
machining comprises machining the unitary com- 
posite component to remove at least a portion of ss 
the second metallic member (36) and at least a por- 
tion of the bond (62) between the first metallic 
member (30) and the second metallic member (36). 
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14. A method as claimed in claim 12 or claim 13 
wherein the machining comprises machining at 
least one axial, or circumferential, groove (66,64) in 
the periphery of the unitary composite component, 
for receiving rotor blade attachment features. 

15. A method as claimed in claim 12 or claim *1 3 
wherein the machining comprises machining the 
periphery of the unitary composite component to 
form at least one rotor blade (72) integral with the 
unitary composite component. 

16. A method as claimed in claim 15 wherein the uni- 
tary composite component is electrochemically 
machined to form the at least one rotor blade (72). 

17. A method as claimed in claim 12 or claim 13 
wherein the method comprises the additional the 
step of welding at least one rotor blade (68) to the 
unitary composite component. 

18. A method as claimed in claim 17 wherein the at 
least one rotor blade (68) is welded onto the unitary 
composite component by friction welding or elec- 
tron beam welding. 

19. A method as claimed in any of claims 1 to 18 
wherein the chambers (42,44) between the said 
faces (34,40) of the first and second metallic mem- 
bers (30,36) are tapered transversely from the face 
(34) of the first metallic member (30) to the base of 
the projection (38). 

20. A method as claimed in claim 1 9 wherein the cham- 
bers (42,44) taper in a straight line or taper in a 
curve. 

21 . A method as claimed any of claims 1 to 20 wherein 
the shape of the chambers (42.44) are tailored to 
control the movement of the projection (38) of the 
second metallic member (36) into the groove (32) in 
the first metallic member (30) during the consolida- 
tion and bonding step. 

22. A method as claimed in any of claims 1 to 21 
wherein the at least one longitudinally extending 
ftore (14) has adhesive (22) to hold the fibre in a 
preform (20). 

23. A method as claimed in claim 22 wherein the pro- 
jection (38) has axial grooves (52) to allow the 
adhesive (22) to be removed from the at least one 
longitudinally extending fibre (14) in the longitudi- 
nally extending groove (32) in the first metallic 
member (30). 

24. A method as claimed in any of claims 1 to 23 com- 
prising forming the chambers (42,44) between the 
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said faces (34,40) of the first and second metallic 
members (30,36) by machining two grooves in said 
face of the second metallic member (36). 

25. A method as claimed in any of claims 1 to 23 com- s 
prising forming the chambers (42,44) between the 
said faces (34,40) of the first and second metallic 
members (30,36) by locating at least one third 
metallic member between the first and second 
metallic members (30,36) and spacing the at least to 
one third metallic member from the projection (38) 

on the second metallic member (36). 

26. A method of manufacturing a fibre reinforced metal 
component (10) comprising the steps of:- is 

(a) forming a circumferentially and axially 
extending groove (32) in an axial face (34) of a 
first metallic member (30), 

(b) arranging at least one circumferentially 20 
extending fibre (14) and filler metal (18) in the 
groove (32) in the first metallic member (30). 

(c) forming a circumferentially and axially 
extending projection (38) on an axial face (40) 

of a second metallic member (36), 25 

(d) arranging the second metallic member (36) 
such that the circumferentially extending pro- 
jection (38) of the second metallic member (36) 
is aligned with the circumferentially extending 
groove (32) of the first metallic member (30), 30 

(e) applying heat and pressure such that the 
circumferentially extending projection (38) 
moves into the circumferentially extending 
groove (32) to axially consolidate the at least 
one circumferentially extending fibre (14) and 35 
the filler metal (18) and to bond the first metallic 
member (30), the second metallic member 
(36), the at least one circumferentially extend- 
ing fibre (14) and the filler metal (18) to form a 
unitary composite component (10), character- 40 
ised in that step (d) that two circumferentially 
extending chambers are formed between the 
said axial faces of the first and second metallic 
members, the circumferentially extending 
chambers being arranged radially on opposite 45 
sides of the circumferentially extending projec- 
tion. 

27. A fibre reinforced metal component as manufac- 
tured by the methods of any of claims 1 to 27. so 
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